. Since the cross section of the pillar is well below the mean free path, the system enters the ballistic transport regime in the plane.
Transport of electrons in a metal is usually well captured by their particle-like aspects, while their wavelike nature is commonly unobservable. Microstructures can be carefully designed to shield the quantum phase of the electrons from decoherence due to external perturbations, for example mesoscopic metal rings resembling interferometers. Here we report a new type of phase coherent oscillation of the out-ofplane magnetoresistance in the layered delafossites PdCoO2 and PtCoO2. The oscillation period is equivalent to that determined by the magnetic flux quantum, h/e, threading an area defined by the atomic interlayer separation and the sample width. The phase of the electron wave function in these crystals appears remarkably robust over macroscopic length scales exceeding 5m and persisting up to elevated temperatures of 60K. While the microscopic origin of this effect remains to be clarified and challenges our understanding of interlayer transport in ultra-pure metals, the results suggest the feasibility of a novel class of magnetic field sensors of unprecedented atomic-scale spatial resolution.

Electrons in vacuum carry the characteristics of particles as well as waves, which is demonstrated in interference experiments directly probing the phase information
and angle-dependent magnetoresistance oscillations [6] [7] [8] . These materials are the most conductive oxides known, with an in-plane mean free path of more than 20m at low temperatures 5, 8, 9 . 22 . 2, 3, 23 . 24, 25 . 26 . This is in stark contrast to the 60K temperature scale observed here in highly metallic PdCoO2 and PtCoO2. Similar high-temperature quantum coherence has been seen in bismuth nano-wires 27 , topological nanoribbons 28, 29 , quantum dots 30 , carbon nano-tubes 31 
depending on the flux in an area S, also to lead to processes depending on multiple layers in a stack (2S,3S,…). Those multi-harmonic oscillations were demonstrated in quantum hall based interferometers 13 , but are not observed experimentally here, as evidenced by the absence of h/2e oscillations within the noise level of 1% of the h/e oscillations (figure 2B).
So far, we have only considered magnetic fields applied perpendicular to the sample surface. If indeed the oscillation frequency is set by the flux through the area S, it would be natural to expect a sinusoidal dependence on the magnetic field angle, when rotating within the Pd/Pt layer. The oscillation amplitude would at the same time be suppressed due to the superposition of oscillations with different areas S.
The experimental frequency spectrum upon rotation is more complex, with multiple frequencies appearing (figure 3). A natural geometric interpretation of the angle dependence is found within the hexagonal FS of PdCoO2. The almost perfect hexagonal FS, in contrast to a circular one, exhibits three preferential directions of electron motion perpendicular to the flat faces of the FS. In real space this describes three interleaving subsystems of directional electron flow in the plane, each spanning its own area Si (sketched in figure 3). The flux enclosed in each subsystem contributes oscillations of frequency
At that time the AAS effect was particularly prominent in the samples, for which the elastic mean free path was much smaller than the sample size. The AAS effect leads to oscillations periodic in h/2e, which are always seen to coexist with the ABE oscillations periodic in h/e in metallic rings
While the AAS always leads to a maximum in resistance in zero magnetic field, the phase in the ABE is sample dependent. For a structure with multiple rings in series, the AAS effect has experimentally been shown to be independent of the number of rings, while ABE is exponentially suppressed
The layered structure of our samples is reminiscent of a series of rings and our data suggests a maximum in resistance at zero magnetic field for all measured samples (shown in fig2A), similar to AAS. However, it still shows an h/e periodicity of the ABE, while h/2e periodicity of AAS is unobserved. In consequence, neither the simple picture of AAS or ABE completely capture the experimental observations.
A second key feature of our observation is its robustness to temperature. The observation of the ABE in metallic rings was limited to below 1K because of the extreme temperature sensitivity of the quantum coherence length, something that is also a feature of reported ABE experiments on graphene
